Flowering of chrysanthemum plants under short photoperiods, as is well known, is prevented when the plants are illuminated near the middle of the long night. Such illumination inhibits flowering whether it is given continuously or intermittently, and whether it comes from incandescent or from fluorescent lamps. We discovered, however, that fluorescent light applied intermittently (cyclically) throughout the entire 16-hour long night was far less inhibitory than when applied during only part of this dark period. By contrast, incandescent filament illumination is strongly inhibitory under these conditions. The cycles of fluorescent light usually lasted 15 minutes, 1.5 minutes of light followed by 13.5 minutes of dark. When such cycles were applied for only 12 hours, leaving 4 hours of uninterrupted darkness in each long night, inhibition of flowering was complete again.
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Flowering of Chrysanthemum morifolium (Ramat. & Hemfl.) is promoted by subjecting the plants to several daily dark periods of more than 12 hr and is inhibited by illuminating them near the middle of each long night for a few hours with continuous or intermittent low intensity light (cyclic light) from fluorescent or incandescent lamps (3) . When applied cyclically throughout the entire 16-hr "dark" period, however, fluorescent illumination is far less inhibitory than when applied during only part of the dark period. We discovered this peculiar ineffectiveness of prolonged periods of cyclic fluorescent light when we included the short-day chrysanthemum in an experiment designed primarily to investigate light responses of several long-day species. Incandescent filament illumination is strongly inhibitory under both conditions.
Other differences between the actions of fluorescent and incandescent filament illuminations on chrysanthemums were previously encountered (3) . They were interpreted on the basis of differences between the two kinds of illumination in the red and far-red parts of the spectrum, coupled with conditions of leaf structure that might peculiarly affect screening by chlorophyll of radiation absorbed by phytochrome in the chrysanthemum plant. Discovery of the incomplete inhibitory effectiveness of cyclic fluorescent illumination applied for daily 16-hr periods, although of little immediate horticultural interest, again raised questions as to the photoreactions involved in controlling flowering of chrysanthemum and led to the work herein reported.
MATERIALS AND METHODS
The cultivars of chrysanthemum used in these experiments were Improved Indianapolis Yellow and White Pink Chief. They were selected because they are responsive to short-day treatment, differing in degree of response to artificial light in the night and in the number of short days required for flowering. The plants were grown in the greenhouse from rooted cuttings and were maintained on photoperiodic conditions that assured their remaining in a vegetative condition until used experimentally. These conditions consisted of natural photoperiods and 4 hr of incandescent light of 20 ft-c from 10 PM to 2 AM daily.
Plants were brought from the greenhouse to plant growth rooms where they received treatment for 10 consecutive days. During this 10-day experimental period, the general routine consisted of a daily 8-hr period of illumination, a dark period, often of 4 hr, but sometimes longer or shorter, and the remainder of each 24-hr period, usually 12 hr, of cyclic fluorescent light. The cycles of the fluorescent light and darkness were 15 min except in Table II , where they were 24 min. In all cases, 10% of the cycle was light and 90% dark. Intensity of the fluorescent light was about 80 ft-c. In previous experiments with other short-day plants, cyclic lighting as applied here was completely inhibitory to flowering, but in chrysanthemum it is sometimes completely and sometimes incompletely inhibitory, depending on such conditions as length of a preceding uninterrupted dark period and kinds of interrupting irradiations applied during the dark period.
During the 8-hr photoperiods, the plants received about 2000 ft-c of illumination from cool white fluorescent lamps and about 80 ft-c from incandescent ones. The night temperature was maintained at a minimum of 17°. At the end of the 10-day treatment period, the plants were returned to the greenhouse and nonphotoinductive conditions for a further period of growth and development. Most of the plants were dissected 2 weeks after the 1st day of treatment. A few were continued in the greenhouse until certain of them bloomed (Fig. 1) .
As in previous work with chrysanthemums (3), we used either two or three plants per treatment. Use of such small numbers was permitted by the great uniformity of the cuttings which were from selected clonal stocks of the respective cultivars. Three plants per lot re uesed in Tables I, II, and III and two per lot elsewhere.
Experimental treatments involved the use of filtered and unfiltered light from both fluorescent and incandescent lamps. Unfiltered illumination from quartz-iodide lamps, which was used in one experiment, is qualitatively very similar to that from ordinary incandescent filament lamps. Quartz-iodide lamps were used because illumination intensities of 4000 ft-c from them were more readily attainable than from the ordinary incandescent 10 of the dark controls but not to 0. This paper is mainly concerned with differences between these low levels to which the various treatments reduced flowering.
The incomplete inhibitory effectiveness of daily 16-hr periods of cyclic fluorescent light on flowering of chrysanthemum is illustrated by results in Table I and in treatment 1 of Tables II,   III , IV, VI, and VII. Plants that received cyclic fluorescent light throughout the 16-hr "dark period" flowered at a low level. That is, inhibition of flowering was not complete. In contrast, treatments in which the 16-hr periods consisted of 6 hr of darkness and 10 hr of CFL1 were completely inhibitory, reducing the stage of flowering from 10 to 0. In other experiments, insertion of 4-hr instead of 6-hr dark periods in the 16-hr periods of CFL also resulted in complete prevention of flowering.
The position of the short dark period in the 16-hr period influenced the inhibitory effectiveness of the remaining CFL (Table  II) . In general, greatest inhibition resulted when the dark period occurred early instead of late in the 16-hr period. The two cultivars were similarly responsive to these treatments, but inhibition in comparable lots was greater for Improved Indianapolis
Yellow than for White Pink Chief.
The duration of darkness inserted in daily 16-hr periods of CFL influenced the inhibitory effectiveness of the treatment (Table III) . About 4 hr were required for inhibition of Improved Indianapolis Yellow and slightly more for White Pink Chief.
When the inserted short dark period was interrupted even so briefly as for 1 min with high intensity (4000 ft-c) cool white fluorescent illumination, the inhibitory effectiveness of the treatment was markedly reduced (Table IV) . As the dark periods were lengthened further, however, this effect of a brief light interruption was not expressed; that is, the treatments remained fully inhibitory.
Interruptions of the dark period with fluorescent illuminances, both greater and smaller than 4000 ft-c for 1 min, were tested. One half minute was as effective as 1 min at 4000 ft-c (Table V) .
Illuminances longer than 1 min at 1000 and 500 ft-c were also 4-hr dark period by a high intensity fluorescent illuminance is completely reversible by far red. Action of Pfr is thus detected in at least two parts of the 16-hr periods between successive 8-hr photoperiods; and the actions are opposite.
The change that occurs during the uninterrupted 4-hr dark period apparently involves disappearance of Pfr. It seems that successful inhibition of flowering by CFL requires that the Pfr left in the plant at the close of the photoperiod be allowed to drop to a low level for a time, and that Pfr then again be increased by application of CFL. A 1-min high intensity fluorescent light interruption of the dark period at any time during the 4 hr prevented the response (failure of flowering) that otherwise would be displayed.
Most of the findings of these investigations are thus explainable A crucial point in these results is that high intensity interruptions of the 4-hr dark period with fluorescent and incandescent light lead to opposite results (flowering and nonflowering, respectively). Fluorescent light is essentially red and incandescent is a mixture of red and far red. The far red in the presence of red thus prevents display of a response (flowering) that appears with red light alone. This action does not result directly from response to the Pfr torm of phytochrome which probably exceeds 50%O P with both types of radiation. It rather appears to involve far red radiation per se. The phenomenon resembles the opening of Mimosa pudica leaflets in light against the closing action of Pfr (4) or the inhibition of germination of seed of Poa pratensis and Amaranthus arenicola by far red but not by red alone (6) . The two responses were attributed to a high energy reaction having a maximum in the far red near 720 mu.
The difference in response of chrysanthemums to the two kinds of light was ascribed in an earlier paper to effects of light screening by chlorophyll (3) . Similarities of the chrysanthemum response to the above mentioned leaf movement and seed germination responses make consideration of a high energy response in chrysanthemum necessary. Although it seems unwise to decide in the absence of an action spectrum whether or not a high energy reaction is involved, the participation of the ordinary phytochrome reaction is clearly evident.
